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SHAPM SPAN SUSPWWIION BRINDCES

(Fishvavy Loads H=-15)

INTRODUCTION 02 PrIEFACE

The main reason for choosin~> thils suhjesct mav dbe
traced back to certain advice vhich I'r, J. 4, L. .2ddell so
generously bestowed to the youns end asnirins en~ineers in his

Clapmas Oous, "Rridse Englneering” and its commanion volune,
"Tconomics of Bridge lorik". His writin~s have hecn the inspir-
ation for this attempt to obtain a mecns of estimatines accurestelr
and auiciclly the quantitles of materiecl in superstructures, sub-
structures and anproaches of short sypan suspension bridees de-
simed for licht hichway loadings,

It is believed that a li~ht hi-~wry sacpension
bridee 13 a most satisfactory viay of connecting farus, estotes,
factories and corrmunities that are just across the river £rom
the main highvay, A suspension bridge is of scenic deauty in
any locality, It 1s quickly erected; the commarativelv licht%
welsht of materiel) used, making heavy expensive eculpment
unnecessary,

“ric E, Bottoms

Chicago, Illinois  Juns, 1935
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SHORT SPAN SUSPEISION BRIDGS

The ori.incl design of the suspension bridge is one of the sinplest,
Cur ancestors stretched ropes or chains across a river or ravine,

and laid 2 floor directly upon them, From that time to the present,
there has been a gradusl incresse in the development and design of
the suspension bridge., In recent years there has been a noticeabdle
increase in mumber of short span suspension bridges built, Althouzh
few have been built, they have shovm, in many cases, new and uncormon
expedients, This trend is important as desigmers are more apt to in-
corporate new and novel idcas in small or less costly bridces, than
in more expensive oncs, thus, the art of suspension bridge desigmn will
be accelerated,

lany engineers would voropose a suspension bridge in place of a simple
span if they could, vithout complete detail designy,cormare the rel=-
ative costs, "his paver intends to show & mcthod and means to secure
the quantities of materinls for all parts of short span suspension
bridces by an easy and accurate method, Unit prices are purposely o-
mitted due to the variation in cost of material and erection in the
various parts of the country,

Let us look back iIn history and trace the cevelopment of the sus-
pension bridge, ‘he first dridze engineers were our arborecl en-
cestors “ho formed living chains of their own bocies from trce to
tree end bank to bank over which veaker members of their tribes
passed, 'atives of tropical junsle countrics often times fashioned
crude suspension bridges by usings twisted vines and matted fibers,

Xerxes 1is credited with building s small suspension bridee in cross=
ing the ilellesmont during his invasion of (reece in 480 B, C. It is
said to have consisted of ropes on which beams were laid transversely
and suspended between ships,

All early suspension bridges were made of planks laid directly on
chains, The first of this type was built in "hina, 65 A. D.

Althoush the suspension bridge is the oldest and most picturesque

type of ell bridees, and after completion, is the safest structure
because of 1ts simplicity, knom to bridge englneers, the rmodern type
is an imerican invention, and its greatest development has been in
this country, 7emes Tinlay built the first regular modcrn susvension
bridge in 1796, and obtained patents on this type of bridese from the
United States Govermment, Hand forged chains were used on all Finlav's
bridres, the larrest of vhich was the bridgse across the “chuyskill
Piver, built in Thiladelnhia in 1809, The total span of 306 feet was
made up of two individuel spans of 123 fecet cach with an intermediate
pier, This bridge collapsed in 1311 from the welrht of an excessive
load of cattle, Tt was replaced with another bridee, vhich elso col-
lapsed,under a load of snow and ice, A third, a foot bridse, vms
opened in June, 1816, with a span of 408 feet and a width of 18 inches;
the cables were comnoscd of gix three-—ei-hths inch wires, end a viooden
floor without stiffening, .his clso failed under & load of snow and

-3 -



ice, It was, however, the first wire suswension dridse in any cowitry,

The most famous of the old chrin dbril-es desi-nod under <he Tinley
patent vmg the onz br-ilt in 1°1C scrocrs the !errinne T“iver, three
miles from .e.burysvwort, ‘assachusetts, It had a snon of 244 feet,
and was 40 feet above the vrter, "t hrd tuo roaluays fifteen feet
w7ide and *“was stronc- enourh to allow for the pessare of horscs and
carriages, vhatever their snmecd, he reilings wrs stout an! s*ron~,
vhich contributed rmuch to ths =+ifness of the floor". It is of in-
terest to note that in 109, & hindred years later, the origincl
chains were repleced with parallel wire cables conforrming wiith the
present dey practice, The balance of the bridge wes also renlaced
vithout chanring the evppearance of the structure, so it would re-
tain its originel outline,

‘he iennl Strait Bridce at lansor, lorth nlee, betiween the 1slands
of Anglesey and "arnarvonshire ias duilt in 1826 by 'r, Thomes
Telford and is still in use today, It consists of a central span
580 feet lons, & side span of 280 feet, four fifty-foot stone arches
at onc end and three at the other, a total strength of 1,710 feet,
The floor, 30 feet in width, contains two roadwmys and a four foot
walk, iz surrorted by sixteen mailn cables arranyed in four sets ver-
tically above one another, once set at each side of esch roedvay, The
iasonry tovers sre 152 feet high and 29 feet thick 2t the level of
the roadvey, Eech chein consists of five iron dars, 3 1/4 inches by
1 inch, 10 feet long, urnited by 8x16 inch 1links end 3 inch vins,
\then ‘elford rlenned thids dbridge, he investi;znted the major forces
by means of mocels, It vms unquestionatly a remarladble accomplish-
ment in bridgce encineering, not only because of 1is unprecedented
spen, tut becaure of mrny other wmsurl features, ite splendid
conception and its inscnious erection,

Von 'ites built a chain bdbridse over the embe ‘annl with & span of
354 feet in 1328, r£bleg were flat bars of open hearth steel, “his
was the first use of steel for bridge tuildiing in any cowntry,

e Vicat in 1371 vove the first cables in rlace during the erection
of 2 susmension bridgse across the zhonc, Ircvious to this, wire
cadblcs were voven o1 the ground and then lifted,

In 1860, the Yon ‘ites bridpe wzs teken dovm and rerlnced with
another dcsigned by Schrirch hevine a spen of 2°5 fect, It was roted
for being the first, and at that time, the onrnly roilroad cuspencion
bridge in “vrome,

John A, Toebling started on Lis lon~ cercer of bridee building with
the Fit<sbursh Amueduct in 1394, This wos coumosed o zeven incive
iduvel spens, each 122 feet lons ond surrorted by tvo seven-inch cedles,
Each ceble wes cormrosed of seven strands mode up of %6 vires 0,148
inch diameter, totnling 1,657 wires in eocch cable,
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A combined railwvey erd n“hmn tridee bvilt by “oehlin: '~ro~~ tho
Niagera River in 1854, vhich ‘”d becn th voht an 1m“ossiLle aat, was
the first long span, o° 1 feet, 1o be constiructed with "tiffcn:n;
trusses insuring a rizid floor, Jtiffenins trisecs hnd Dbien wecd o
few years before on & smell suspersion bricd-e cver tha entuecizs liver
et Frankfort, Fentucky, but its span was only ¢00 fest, Le ¢1iff=
ening truss vwag developed becsuse of the excessive vibration on *the
floor and the possible dancer of beiung overturued by heeovy winte,
Roebling introduced the esericl spinning process oa the lingnra Ziver
Bridge, It ccreisted of vullixng loeop after locp of sincle vwire ncrovs
the river, from anchorage to anchorage over the Howers by menns of a
travelling vhecl, “he wires were 1aid wp in strancés, which wion con=
pletion, were compacted tomether into 2 cylindricel coedhle exd tichitly
wrepped vith wire, This mcthod hze been nged on 21l larce suspeision
bridges erected since,

Another bridse wes bBullt ocross the lliegare TFiver n sucrt diste
below the Talls in 18C7 by Sarmiel Keefer of Ctrewn, It hed a mein gsren
of 1, 260 feet, The cables vere sunrnorted on wooden *tcusre,

steel wire, £11 yrrevious snarension bridse cehleg vere fadr
viire dravm Irom chorcoal irc:, mnd for the first tine on iy iz,
the cebles vere protectcd with o layer of gelvenizeld wilre,

‘the farmous Brooklrn Bridme built in 1832 was mude yorsidls by drawn
~ <.

In 1923, the Camlen-rhilclelphis Rridse wos commnleted, It Ied - ¢ nter
span of 1,750 feet, the lonsest gt thet time, he ¢ide crang rre ench

716 feet lon;, Its 1.3,5 foot width is talien up by o I7 foot roaduan,

6 lenes, and 4 tracks for rapid trancit trail “here are rloo %0 Leve-
foot wide elevated footunlls, “his whcle roﬂru.y is supvoried w/ Lo
wire cables eech thirty incheg in dimneter on cteel torrs 34AC Jcet nheve
the vmater,

The Georse ‘ashin;ton 3ridse across the Fudron “iver ot Fort Lee, b vins
a nain span of 7,500 feet, "ac cor-leted in 19C1, foriy-eiht yerrs loter
efter the completion of the Drooklyn Bridse, It rerresents nore then o
hundreé=pcr-cent increase in wedn gpon lanith over both the 3ruciilyn and
Cemden=fhiledelphia Zricges,

1

The accompvanying rraph plate o, 1 mryv dbe cf interest oo it shows theo
increase of nain span lcnsths from 18105 when the CZelnyrelill 2eif
~

built by Finley up te and includins the Golden-Gate Brid-e wiich is
gcheduled for completion early in 1932, "his greph cleerly suows thet

tke Cincinneti Bridge over the Chio liver as the forermwunrr of the
3rooklvn Bridsc, and that the Brooklyn Bridese held the record »mtil i+s
span wae excedded by five feet vhen the illiamsdburs 3riice 18 built in
1903, twenty yeers loter, he line comecting the peeks is intercszing.,

In the lower risnt hand corncr of Tlate Yo, 1 £ra scversl modern shert

gpan highway bridees which indicate the revived iatcrest ia cutnension
bridges for short snans, "hey will be cdiscussed in ‘wrn,
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The Tondout ~rsek Bridge at ins ton, !Tewr York, weg onened to the
traffic in 1272, It was the first of the so-c~llrd “odsrn “hort
Spen Susnension Brideges™ with a mein spen of 7653 fect, “he ronduvey
is supported by tvo nine inch ecsbles esoch ~ode up of ccven s*rands,
each composed of 282 pgalvenized wires €.175 inches in dirneter, ™me
to the stecpness of the side s»non cadblez, it wes necescorry 4o rdd
extra strands from the tower to the anchornse to tuke un the lor-er
load, The strength of the mci: span cables is €,%70 tons ceach &nd
for the side sveans, 6,803 ton-,

It is clear that the construc*ion of this bridige incited the in-
terest of meny engineers and hishwey departm:onts becrure five recrs
later the General Ulysses S, Crent Bridie vas built ot Tortsmouth,
Ohio, to be followed by seven or mnre spans under 1, (7 Jiet in the
next seven years,

The General U, S, (rant 3ril-e ovoned dn 1977 hes o mrin cpan of
700 feet, Thé desimners crlcilotod the strecsses end sections dv the
coru:on elestie theory, and *hen csswiaed 2 reduction of ten per-cent
for deflection correction, beccusc they lreited ¢n adequrte theorr
for exact an~lrysis of continous svons, ‘hey believed o rreever re-
duction would be Jjustified but they hzd no 'wmy of detarninine the
proper enount, Hed Tr, Tteinan's thcories been svnilidle at thet
time, & reduction of eishteen nur-cent vould hrve been cvnilodble,

The Crand “‘ere Bridgse, .uedbec, vog onened in 19290, 't thnt tine,
it was the longest siructure, 949 foor snan,of its trme. e codle
ropes werc cut ond socketed in the shor to evcct dinensionr, he
roadvey is ci;hteen fecet ide and esi;mned for H-1% lo-din~ or
60 lbs, ver sausre foot on the rou? ond 12 1z, r.r ssurre foot

on the sidewslks, which corresponds to the '=IC lo~dins ol the
Cancdisan Yneineering Ctendsards associetion, .ind londs of 35 ond

25 1bs, “ere used on the unloaded ~ni loaded rortions ol ~he unnn,
The catles were desimmed for o dcad lowd of 7, 0C lhs, »nd e live
load of 1,152 1bs, per lincar foot of brid=e, .he rcin spen is ~rde
up of 39 nznels, .4 fect,4 inches cach, The backstays, wrlorded, ore
streight,

The iawiee iver 3riige, ‘‘olelo, Ohio, bailt in 17709-="1 hrs five
traffic lanes ond two side.rlkec, The main spin is 780 fzet, “he
roadvay is supported by itwo 10 1/4 inch (before vronpine) cotles
comrosed of 19,3 inch strends, "~he individurl ires 2are ,17% inch
in dismeter, The strands are mode up of sincle wires lrid in e ner-
allel formation and the strends are leid parallel in the cohlce,
"he towers ere 220 feet hi;h, The suspenders ocre 1 F/3 inch in
diameter,

~he Sen RPafsel Bridre, comnleted in 1933 over the 1o Trme Ael Torte,
near ’ao, in fan Doninro, hes & mein snen of 250 frot, I4 hes tho
lanes ninc f£::t wide Jdesimmed for 1-15 loadin s, This bridesa isg
noticeadble for three specirl features:=-= (1) The flcor is of inter-



lockiny steel channels, (2) "he mein cobles ere nrestresced verallel
ctrands of open type coinstruction, (3) "he main saddles are built
into the tower thereby placing the centerline of the c:bles ot the
intersection of the mrin tower members and elinminsatine tha usual
eccentric wind loedings &t the top of the towers, _his method brinss
€11l resaltont forces to a comon roint, pernittins a clean cut tover
top cdevoid of ertificialities, The towers nre of the fixed flexidle
tyve, 57 feet, 11 inches hih, ™he s-ifrerine truss, odified Werren,
with a 1 to 75 ratio, hos 30 panels, ecch 14 feet, 11 3/4 inches lon-~,

The San Domingso Tevubllc completed another short cpan susrension
bridre in 1234, Tals dbrid.e, which snens the Hiuerio Tiver neer “an
Pedro dc¢ lmcoris, is cellea the Temfis Brid~e, The central sven is
654 fcct lon- ond *he side snang cre 156 feet lons~, The desism of

this bridee is elso for H-1% lcrdin~, "he srnc +three feztures in-
ccrporanted in the Zen =~fcel Prid/»s ere used, “‘0st of the suspenders
are of prestressed ctble, ™he rmein crdbles are mnde up of nine strends
in open conctruction, '"his ovcn tipe of construction irperts to the
uninitiated, sdded strength,

The Civil Tonservetion Corms in the statec of California in 1934 con-
structed vith thelr ovm personn'l, tvwo short sman suspension dbrid.es,
one acrocs the I‘elemath ot Heoppy Zemp of 300 feet, the other ecross
the Zacramenrto Tiver at Sims of 120 feet, Both have stiffening
vrusses, mocified warren tive, and ere desirmed accordin~ to the
Cover:i.cnt 15 ton lerdin~, which provides for a string of 15 ton
trucke following each other &t r.csonzhle intervels,

he star~es of develovment of the suspension bridee 1s clearly divided
into four varts: (1) construction, (2) analvsis, (3) cconomics, snd
(&) esthetics,

In early construction the bridee vos comrosed of a 11 ht »nlatfor,
unstiffened, suspendcd from & coble mode up of chains, eye-bars,

sin-le vires, ‘-ire rones, end spun strands, the loads passine dir-
ectly from the floor in:o thc coble, .hen the bridses constructed in
tliis foshion become msatisfectiory for concentrated loads, the builders
constructed heavy railin~s, the forerunner of the stiffenin:s truss,
Laeter the ronduiny +as mnce up of a serics of simple snane, vencl
lengsh, which were supnorted by neens of susrenicrs to the nmnin coble,

/s the sclence of bridre dbuilding developed and the desicmers exmanded
thecir znovled;e of anelrsis, the simple trusses were nccde continous
throwh the sunportinzs poinis and the csiiffenines trusses externicd from
one tower *o the other, “1lostic and deflection theories vere exmounded
with the trend towards the deflection theory and desipmning; of the
brid,es by exact methods eliminnting 21l inletcrniinate stiresces,

coronical bridme construction is made up of three narts: (1) adequate
strens~h and capaci<ty (correct dcsirming), () durability ani minirmn
cost of meintenonce, (5) flexibility and rmovebility, “hese three noincs



establish the usefulness and the volue of the bridee, 2nd not its
cost of construction - the cost of & bridge and the velue heve no
reletion to each other,

tdequate strensth end cepacity of e bridie ere merely the result
of correcet dcsifmins and construction, “xverience has deronstrated
the need for desi;min~ the rodern dridie to inclulde provisions for
the future increese of ite stren;*h and capacity, “hese rrovizsions
cen be made 'with a small incrcase in the first coqt If e knew
the future denrnds of tronsportation, such precautions vould not
be neceszary, Increased traffic involves wei ht 9“1 voliunc,

Tarability cond minirmm cost of mointennnce of a briivﬂ demends en-
tirely upon that tyve of cornstruction end lzinds of mrtrricls in-
cdrporeted into the etruciure and mszthol of »ros ccfloﬂ.

rdaptability <ois mot neccssorily arrly to o suspension brid-e for
few have becn talen erart end reconciructed elsevhere, but if ve
desifa vith trac economy this imst be concidered, his is one cd-
vantame that the oren wypc ol ceble construction, as used in the ~an
Rafael Pr;ﬂé hes over those with cables spun and compacted in
rlace, cs “ere the cablcs in thc awaee Iridr-e,

Cn the fourth or esthetic stease, dbridse en, inecers hoeve barely
entered, ''he rrofcssicnrl ¢bli=tion of mcl:ine brides structures
of beavty 1is beins reeclized more and nore, ~he follo-ing factors are

1., "he bacrrround is taken into considercation, “or
en exerle, the ®overs of St, John's Brii-e in Creson are desirmed
to harmonize :.1th the becelisround of hills covered viith evororeen *rees,

7+ The dceimm acdonted Is a wnity the perts of vhich,
rmst be_in vrorortion,

Je “livhasis chould be yleced uron the funetion of the
gtructure, and it ghonld he ornamenied only vith that in view, Tut
in enother view, this stev cn the coimorition is intended to Crannti-ze
the irirortont features of the desim—n,

“he best snrecrrines dbridce is 2lweys the one in which the ensineering
golution is correct, with the architectural treatment s-rvins rerely
to emphosize the in-ortant featurcs of desiym, .‘ny desirm of true
beeviy nmet nocesrarily orisincte wi+th the engincer, leavins the
architect o°ly in the role of collatoreior, contributins; Lo the
attractivcncss c¢f the ensineer's creation,

Aridges have tv.o functions: To setisfiy the cemands of traffic, and
to heve an accertable arveersnce, “he en~incer who frils to design
for these two requisites coes not perform & complete service,

Before discussing the desirm or method usced in computing the various
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curves that appear leter, it 1s well to notice the treorieg ad-
vocated by the enginecrs a2t the top of the profession,

re Je A. L, 2dCell states in his "Tconeiles of Dridre ork',
"The theory of stress deterninction edopted was the crrrominy ze
method given in ohnscn, Brysn end ‘“uracaure's ' odrrn Trened
Structures?, Part 2, iastead of the clier methel of r, 111l
H, Burr, which, for convenience end siialicity  .s #alcn <o
standard by the euthor in vwriiinr honter L7 of '3rid.e .r; incer-
ingt", The results of the tio thicories do not difer rrea 1~
especially for bridpes with end *russes enchored, tut the 2
theory requires a little less nezel,

from facts thot he himself had cbecrved, Uic first sus
structure, the Tittsbur;h Acueduct iieg witheut vrecedent, but

beceuse he wvas confident thot his figures vere right, be villin ly
took the risk, Since thrt time, meny thecries hrve heen exmounied,

roebling carefully worked ou” stresseec for the Proo™l:

Irofessor J. i’elan in his "Tiserne Bowenbriicken un Heencenriolien”
devised & deflection theory, which is cprll cahle to esims hkving
‘elthcr contirous or hinged =russes, It yicldc lover momcnis and
shears snd conscaquently savines up to 456 per—ccnt. in the weirht
of the metal of the stiffenins truss, .his thcery is annlic-ilic 4o
continous and rmltiple s»en cesiem, 2s ivell ag o the sirmle ©

T,
two-hinred t;yve, Jtel:ruwn's encral corcluvcion 1s that e co v iqcus
trpe of suspension dbriise of-ers advent ~es over L tuo—hingec Lire

-

for spans under 1,000 fecet vwhen desimed for Li-hwer 1o dinw, and
longer spens vhen desismed for railroad lording s,

Johnson, Brven and Mwrnesawre's forlne are besed on Telun's
theorles, ‘heir exact method tokes into consideratlon ‘eflnction,
vhich, a3 gtated above, cuis do:m the noarnt nnd hence the corl,

"he theery loter used in computing voerious eurves is that of Johiisou,
Brvan and Turncauarets; the me of Ttridre i the tvo-hinced otifenins
truss with unloaded dbuclistays,

~re live lo~ds used are in accord with the A, Z. I, ie Swmecllicriion
for highwey bridses (Flate Jo. 2). 411 the Anta obteined ‘ends to

show that it is no*% necescary *“o consider the actucl dicriribution

of live lo~ds to the cable “hen uniform losds are used, - = “he unit
vielghts teken for verious dead lozds are as [o0llous: = = =

Creozoted lunmber 4,5 to 5 lbs. per bo(rd foot,

1.
?, Hordwood (Qok) 4,75 " o
3. Yellow Fine 3,75 " " " "
4, Soft Jood 270 " " " "
("hite Pine)
5, Coucrete 15C. " " cudbie "
(resuinr)



6., Concrete 11C, 1ts, ner cubis feot

(fryite)
7. Asknhalt 17°C. " Y sauere M
vevenant -~ 2 inches 471k
8. Steel £3C. 1lbs, prer culic "
9. :—arth 100. " " " "
10. Snow (Compected) 50. " " " "

-

Various trmes of cebles hrve becn used, descridbed o5 fellovs je—

1. Cebles made uwp of & muiater of individuel wires all
layrins varallel in the finished calle,

2. "hoze mrde up of & mwier of ftulsted wire strance,
the strands leying parallel in the finishad crtle,

2, Thorce made up of & muther of vire ropes, the romes
laying parallel in the fiuished eedle,

“hey diffcr in these uniisgjme—

1, Vire (Individusal)
s Strands (.'ires twisted into 2 rove)
3, Roves (traonds twisted into = rope)

The:r oy be more sirmwly named :e=—

1, Parallel wire cadles (usslly snun in ~1lnce)
2o Parallel strand cadles,
3, Ferallel rone cables,

™wisted strands or rope strands should be distinnuiche? from wire
rones, A rope 1s riade un by twisilinz a number of rope s*ronds eround
e central strand, a substantisl loss in the masmitude of "I (nadwlus
of elesticity) results from this additionnl operction,

The cebles used on the “an Jafael Tridme are prestrecscd, orrnllel
strand, usin- open t:me of construction, The onen conziruction
Fives on inpression of a larser coble (sbout 30 ) l=r.er, «nd in-
crcases the anpearence, ~he Individurl strands sre f22r enot h anrrt
to permit ready insnection =t e€ll tilues, tnd To ~1llov »rintin
rarpins costs are saved, The strands cre in lnrcrs in the codlles,
vith zinc fillers seperating the loyerc, i+th this srremn-enent
bearins pressures sre nerlireble, for no sitrond bears on the s
with the precsure other thrn its own, vhcrens, in a cloccd ert

1",118

)-lw‘
\‘D

t

o

Q

lower strands ere subject to o cormrrescive lond fron “ll uopeEr st rands.

Yearly 211 suspension dridges hrve folloived the precedent set by the
Brooklyn Bridge in using parcllel vire cadbles, with wires of about
0.2 squere inch cross section, Althourh the diemeter of *ire urcd h-s
remained almost constant, the cuality of wire has steedily iirrroved,



s shown by the follovings tebuletion =iving the ultinmnte strensth
of vires wsad ia reprecentative brides,

ridee Tons per square inch,
Mia-BT8 o o o o o o ¢ o o o ¢ o o o o D8
BrookliMe o o o o o o ¢ o o o 0 o o . 80
11230mSBUT Y 4 6 6 6 6 6 o o 0 0 6 0 90
Tenhotban o 6 4 0 e 6 6 6 0 0 0 6 o o 6
Delawere. e o o o 0 0 o o o s o o s o 100
Ceorge ashinm tonm o 4 4o v v 6 o o o o 104
Golden Gate 4 o o o s o ¢ o o o o o . 104

San}ni’at‘:I...-....‘....0113

“his compsrision shovwis the ecoro.y of prestressins bridge cotles,
(The San Tafael Bridse cadbles vwere prestressed, as :oved abdove).

On the sanre bridges, the stiffenin; trusses have been gradvelly
reduced in depth end veight, A tabulation of this will be ~ivin
later,

‘e time necded for spinning the parellel wire cables hns decreased
in the vest years,

Brool:lyn 3rid~e, 1833, 3,600 tons in 1 rionths
!eazhattan Rridee, 1909, F,400 " " 4 "
Georse \aghin.ton 1931, 23,100 " " 10 "
Dridre,
The veisht freely suspended bevvicen toviers heg incrcased accordins
to the sran lensth, the time of ersction hos also varied,

1'eani Straits 3ridgs, 650 tons
Broolzlym 3ridse, 8,120 "
Georre “‘ashiin~ton RBridre, 68,300 "

The Ceorse ' eshin~ton Dridee was consiructed in one=third the time
that it took to construct :he Brooklyn 3ridse, "he Brooklyn 3ridre
took tiwrice as long as the ‘enal Straits Bridge to construct,

For the {t, Johns Rridee in Portlend, Orecon, the specificetions
celled for twisted strand cables, as an alternative to the porsllel
wire cable desirn, As received, the bids showed a savings of o472,000
by adoptin~ the twisted strand lesign, ‘loreover, this proposal
announced an expected savin~ of two months in the time of completion
of the bridre, this time beins nrde vossidble by dispensines with the
construction of foot brid;es, and by shortening the time required
for cable g*rin-in'+, “he diameter of these cebles wes 16 1/7 inch,
Fort OxTord Ceder -.as uged for fillers, The viravping wire 1&g lo, 9
soft annealed double pelvenized vire,

ir, .addell states In his "Zconomics of Bridee Lork", vese 268, "The

selection of the versed sine for the cables 1s a matter of cconoric
impertance, Increesing it reduces the sectionel erea of the cables and

-11 -



backstays, but surments sliyhtly their lenths: it adds to the
height and weisht of tover coluwms ani their bracins, On the cther
hand, it affecvs o sliht savinges in mrss an’ cost of anchorases
due to the reduction of overturuings morent that is caused by the
Cimdnmuntion of siress in the dhacirstrys, xmerience hes sliovm that
the denth of catenary equsl Yo one-ninth of the span will uwsuelly
give the root satisfactory resu:lis: but +there is no hard end fast
rule ebout this, and it is nermuiscadle to use any depth betveen
the linits of on-¢i-hth and one-tenth of the span',

However, for 2ll prectiable purvoscs, when the loads are to be con-
sidered uniforn, the mein ctble nay be teken as & parabeole,

“he length of the cable betvieen tovier saddles may be comvited by :e——

L=1 ¢ a3°
31

[

The bacl: stays heving no sar,

K see B.-

Coble lensth betwecn towers,
Horlzontel distance between tovers,
Sags in feet,

ntio of scs - 4d/1,

Cable lensth for bocksieys,

Horlzontrl distance anchorare to tower,
Anle of backstay vwith horizontal,

k]

(S Bl o I Yo Sl I

There is o great orrortunity for study in the dosim of econoriic nsnchor-
eces, "here are three mein cruses to be considered: = (1) Is the faawmd-
etion to be on bed rock, (Z) on niles, (3) clay or siilicr rotericl
without pilins, If bed rock iz cloze %o the swrfoce, it will dbe wvise

to use 1t, bu* otheriise i will be r.ore economic to yut in & shollow
anchorage cither on piling or by spreadinc the base, “he noin econonic
expcdient in so for =s practinble, is to concentrote the weisht nt

the recr of the anchcra.e ol the s»recad of the sairfeoce £t the front,
“his tends to increecse the resiriin~ roment awinct snd vo redluce the
intensity of berrins &t the toe, .Lis nesns theot it is econmomic, there~
fore, to mcke the anchorese low and nsroow in front, a1l hi h in the
rear, It may be one of cevercl such Tuttresses, instend of one solid
block of cenecrete, Thc *toes 1oy be jolned -o increase bearin:; value

end the becls Jjoincd by & "2ll to increese its eifhts, In reneral,

the economic choice 15 shiaped nore or less like e welyc,

The towers of the 3rcokl:m Zriiece are of mnssive nosonry ond Lecoucse
this vas the first loirge bridge, msny enginesrs iwmivated i closely

to hove their desi mc sccepted, "he towers of the George ashincton
Bridre are desimed to be covcred vith masonry at a lat:r date, hovi=
ever, their prescnt mu~ ed “canty is due to the true decsiem ithout

& thouht to besuty, It would bc a shame if thelir honest desifms should



be hidéen by 2 false front of cut stone,

The towers of the “an ¥Pafrel Bridr~e hove fixed column t:ne of tovers of
steel, 57 feet 1l inches hish viith 2 batter of 71 inches, hese tovers
are securely anchored to the mein pier concretc, “he gtiffnces facter
nay be deseridbed as follows:= A 734 1b, pull horizont 11y ~i11 decrflact
the colwm one inch, no verticsl load considered, The detcrmiinetion

of the stiffness factor und:r varyin~ loods is essentinl in arriving
at unstressed lengths and prover adjustnents of coble stronds,

™r, Steinman's desiymn of the &t, John's Bridse *overs is “2iferenst cvx-
pedient, ‘he towers hove vertical leges to corry the direct lo=ds of
the ceble in conjunction with batter legs for bracings ond stebiliiy,
with either straicht or batter lers 2lone, it is difficult to ccoure o
nleasing affeet, In one ¢-.se *hc tower appears heavy, the other, - 1%
essumes an svwinmerd anmulerity, he conmbinotion ig most coetisfyin., Thoce
towers ere of the fixed flexible t;7pe,

The rost econoriical t;pe of towers ore those of the fixed flexibdble
type viith verticel colwins snd better legs with the sacddles rccessed
into the coluwmn to pass &ll stresscs throuzh e cortion rolini,

"he main pier substructure is corronly of mecs concrete eithor carricd
dovm to rock or with & srrend base suprortecd on piles, In scre cores,
with extremely short svans, 1t mey dbe nractical “0 rely on spreadin

the base alone, "he vnier rry €i*her he of one solid mzss, or, urcn relid
subgtrata in two parts, one under each tower leg, .he rmocst ecconolcal
for small spans is solid concrete '/ith a gsprecd dbose vroun riles, Local
conditions are the decidiny factor,

"he depth of the s*tiffenin: trusecs hrs gcredually deen reduced, ‘n ir-
dication of the resvective depth ratio is ~iven bty the follovin- tadblc:=-

3ridge Jate Ta*io
A114emSBUPE & 4 0 0 0 e 0w 0 2200 4 4 4 e . bW 4 1 Y040
enhattan ® 6 o o o e 9 o olocgo e o0 ¢ o o o ol‘fO €0
Bear 7oOWt23Me o o o o o o o 1274 4 4 0 6 o o o o 1 "0 07
,—elt".;T.re Rivcro e o e o o o 19‘2 o o o o 0 o o o 1"‘-0 "3
ADEEIOAOT o o o o o o o o 0 1228 4 v e e 6 o . o102
Crand'*ere,,,,,,,,,1?"‘?,,,,,,,,14-07:3
Ste TORM o o o o o o o o o ¢« 199 0 & & . ¢ ¢« o o 1 to E7
ieysvilles o o o o 0 6o 0 0o ¢ 11 o 0 o 0 o0 . o1 PO 7O
Ceorse "mehinston. ¢ ¢« o o » 1771 . o 4o o . . 0 o1 t0 170*
Golden Cat€e o o o o o o o ¢ 1Y 4 v v ¢ v o o o 1 to 172

* This ratio obtains vhen the loier decl: 1z budllt, <t nresen
there is no stiffenins truss,

51
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The reneral tendency bosh in the United Stntes and abrozd his been
towards a rigid stiffenins 3;sten, and the text books rnl moryr nelern
treetises on sucpensioan brldhcs nad confined thewrclves entirely Lo thoet
system and to the electic theory, without respect to swoun longth, “=cd
wvelght of the bridge, or character ol the truffie,

"he desi:incr of the feor~e “rshinsten Bridire, Dr, 7. 3, "tcimmon, snye
"7he permissability of an #l-o03% flexible s;:c'en in ~he gcai2 of Lha con=
pleted bridce, = thot is, = with repid transit tralng memins over he



brii—-e on the lover decir or an entirelr flexible sys<e 1
the brii~e carries ouly vehicular tielTic on thie wrmer daoch
not obvious to the writer ot the incention of his studius,

"txtenslive studies convinecd the vriter tihnt for long span cns-
vension bridies, & risid sycstem was not :cessserv, e was elio
fer:iliar with <the fect that by the arrlicetion of the corrcet or
co=called “"deflection theory" as diciinmish:d frona "clastie
theory” to a rore or less flexible s ¢cisri, nteriel economics
can be affected, ’

“his 18 inherently due to the stifferin~ affect of the dend load,
vhich affect is irmored in “he so-called "elasiic theory". The
latter fact hnd been ncinted ont by vorious triters, wotally Irof.
'elan of Viemnn, Austrins, Tt hod also dbcen rroved dr the an-lic-
ation of & molified Zeflection theory by Leon ¥, 1vo3szilf <o ths
desism of the !lanhotton and Telavere Tiver 3rid.es,

""he dead loed resicts the live lond deforantien ¢f the cchle poly=-
gon and, beccuse of its great mosmitude offers ammle s+irfenings
afrect”,

The foresolng discussion is agmlicadle to lony™ &ponl brid e, hou=-
ever, it shows thnt in penerel the tendeney ic for short sron ~us-
vpénsion bridsos to have a rizid otiffening gvestemn, ool rvopige
ratic of denth of stiffening trass to the wnin spzn Ter s-ons uv to
1,000 feet 1s 1 o 3%, This rotio will give an econo de Jdistridution
of neirl,

\

The floor systen on susvension dbridres is ro ¢iflfcr-ut fromn the con=-
ventiontl floor system conslsting of wearing surfacc, ciriucers,
floeor besms cnd lateral stiffening,

)n intercsiing exreriront “rs tried on the Sen Wnf.e
flooring consists of interlocizins steel chaunels, :1:ccd

21iire=
notely up and dovm and cevered vwith a mincrcled surfnce carchelt

rlenk, it has o total wel-ht of 45 1hs, per squure Toot, of ro-d=-
vay eres, he channels ere 1rid 2t ri:fit ani-les to the ectrin ers
to which they cre vlus velled, Mhils tyre of floor onerm it
mirsion of the usual diaz2onnl mombers ol a wind s:-sten, In affccet,
it is a =late girdcr vith the floor rs the web,

Lo
)
s ‘ne o=

There are verious tymes of arrroaches: = the siixle ond economiical
type beins the trestle ond viedct, If esthetlecs or locel condivions
denend, short snans: throuh or deck, eurrorted by yiors or rocler
bentg, vith the truss the s~ome depth of the stiffening Trucs, cone
next in cconomic concideration, ~he least ecounor ic is *o suskind

the anproeches from *he beclistsys because ;-

1, Tor sreater velshs of the meterinl remired lor
the stiffeningy trusges and hangcers as commered vith that for e
trestle anrroech, .



2 Tur sreater cost of anchornes due to the
loarse lever erm for the overtuwrning rnoment, vhe cahble pull being
horizontsl and enrlied ncer the elevation of the floor,

“he only caze in vhich it 1s economlc to susrend the arrroach from
the baclstirys is vhen thera 13 deep ater beneath thot is required
for novigetion, If the water ic dech and is not recuired for nav-
igetion, th: economic chelce is a series of ceclt spans, of €3 noerly
es may be, econonilc lens~th, Tconomic lensth dbeins detornined by the
cost ver lineer foot of superstructurc and subsiructure teken to-
cether, )

‘f+er consicderin-~ the =2forementioned subjects end the judticiously
application of formda and adhering to the best en-ineering rractice,
many computstions have b:zn made end the reswlte plotted on rlates

2 to 18 inclusive, Verious desisma wvhich were selected as typicel,
and wsed 28 a basis for this vork =re chovm on five plates, A to F
inclusive,

in atteunt vms mede to sclect & tywicsl situstion from which to este
imcte the cucntities of meterials necescary for a noderan short spen
sucper.sion bridgse withan Hel5 hijhviay lozding, Using this settine,

a problem has becen set up rnd orked out, 'otutions ere shovn on

the commutation forms which nlete vas consulted for that perticular
vart or 1ten,

It is the vriter's belief thet short span guspension bridges will
b3 utilized rore and more in coniin~ years and that en accurete
system of preliminary cstimatins. es presented here vwill be of creat
use to the evirace encincer vho is nrot a gpeciallst in suspension
bridse desim,

THY 1M
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No._¢ Sheet No.
%*42 Bridge over S Cargere

SPEClFlCATloN or Bridge

\A}/Pe of brcdge W/ '
idth of road _2ef Loadine #75_C-C trusses 224~
n-C-C towers éo”ré"" Vertical clearance.ﬂﬁf
T)Fl);e of foundation Gowente frie I fotl—
Approaah spans Do posnn 0720 fer —
Approaah W W
Remarks MW f&}ﬁMW
, YU MWﬂ % 20%7—&-
a/n Lact ¢%%M/fﬁ—ﬁ5

PROBLEM



Hem_Mavw Sparn Sheet No. __*

Total load on cables, less cables per [ineal
toot of main span.- in_pounds.

Live Load lat=? ST X0 /120 Pounds
Impact (plate2) & X20 co |
Concrete roadway slab®ef=" Kafuct 1000

Me+a| in HOO!’ sysfe m.(Plakf)/ﬁ’.S% 22, 297

Metal in Sﬁﬁem.ne frUSS_@*d)l/..r)lzx | 43
Average |ength of hangers &' zasset

Weng- of coble hangers. 2 X265 /4o X1 4

Miscellaneous metal. MW ,J0
Torar Loab rer Foo-r[/l) Z5 54 "

Total load per foot on one cable

Ore half ifem (a) /277 pbounds
Assumed weight per foot of | cable 72,
Total weigh‘r on | cable /349

Use a cable we;qh’jm 7Z_pounds per foot

0

PROBLEM.



TEM 22w S0 Sheet No.3_

[oTAL WEIGHT OF MATERIAL
Floor system __ 247 x ©°° ~ /3'&2°°'pounds.
Stitfening trusses 43xboo 25300
Miscellaneous metd| _ 39% cee- 19000
4 X boo ~ 2400

Hanger cable
Main cable, including backstays From

p|a+e 9 ¥¥OX72X2 = /26,720
Concrele slab /000 Xboo boo,000
ToraL weieHT (B) 745 310 pounds

Weight per lineal foot__ 76232400 ) _ /42°*

Span 2" & 120 " Type g Fonet (H1)
Structural metal ounds.
’ Pla{.e no. /4 /32,000 X2 264000 "
Concrete slob P|a+e 12 /500X/20"  /§ge0°
ToraL weisGHT (@) __m”_"Pounds.
ITEM < vere |
Load on tower. oy est Selonv™ pounds.
//4~0 Xboo 671 o0 "

Live load, main span

Lfve |oad‘ aPPrOOC,') Span 76 X0 X/ro' / 72,1/00 "
lmpad‘, main Span b0 Xboo 36ooo "
I mpact, aPProach span /3.5 K20 Xi20° 32400

1 9‘0'3)_0 "

Weight main span _®
Waeight oEFroach span(?

217 /20
OTAL WEIGHT _";3'_PounA$.

PROBLEM

4-4'4, ©00 o




ITEM _7omwere Covdrcf Sheet No 4

Tolal divided by 2 for welight on one fower

2317120 +2. = ’l"“‘"f:ouwds.
Steel per lineal foot pldte 15 4o,
Total metalin one tower 410X 700  ALoee

“TorAL For Two TowERS 52,000
ITEM _Zleee
Weight on one tower: 11/255%° hounds.
Weith of one tower: dloeo
ToTAL WEIGHT ON ONE PIER 1,199,560
From plate 16 read—
Pi(:s 43 & 25 /05° feet
Coffer dam s,
Concrete ’%° cu.yds.
\/VefcﬂnL per lineal Fogfon cables including
cables (c) /9% Hounds.
/35000

Tension on anchorage (plate 17) y
Concrete in one anchorage (plate 18) __32° cu. yds.
JoraL concreTE_J20%> = G40 T

PROBLEM.



ITEM _Eeornvay anteete— Sheet No. 5.

Main cable g /126 720 |he
Main span. -
Floor system. /87,29 lbe
Sﬁffeninq tFruss. 25,89 |he
Miscellaneous metal. 78990 \be
Hanger cable Z40 |pe
Concrete slob(Haydite) bo0,000 |he
A pgroach span.
tructural metal 264,000 lh@
Concrete slab /89,00 \he
Tower steel Bz 000|he
Piers |
Piles 4090 1o _
Cofferdam 85 f1e
Concrete toctuing rrinstect '°° cxe
ToraL

Pe rcen+age for engineering
ToraL cosT

1]

PROBLEM.



NATURAL
SCALE ["=100’

A7
/
N7/
= TN R/ §
\ d
% , HOR. SCALE
, q "=?00'-0O"
- 60 '=300°
6 |0@30'=-300 VER. SCALE
{"= 250"

TYPICAL LAYOUT
Plate A’



HANGER SPACING

. STRINGER STRINGE
LENGTH LENGT

EPTH —
5

TYPE OF STIFFENING TRUSS

e Center to center +russes

hi]&"rﬁ Width of roadwoy . l']é"

ADJUSTABLE
HANGER
CONNECTION

TYPICAL DETAILS
Plate "B’



ADJUSTABLE HANGER CONNECTION

7 2cABLE

HANGER

CABLE cLAMP

.
.\
0

at least 12"

at least 12"

TYPICAL CONCRETEF
CABLE ANCHORAGE

DETA(LS
PlateC”
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TYPICAL
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|

Plate D.
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PIER SUPPORTED ON 20 TON PILES.
ONE PILE TO 9 SQUARE FEET.

SEE PLATEI(6

TYPICAL PIER
| Plate E"
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HORIZONTAL COMPONENT OF ACTUAL CABLE
TENSION RESISTED BY EARTH BEARING PRESSURE
ON FRONT SURFACE OF ANCHORAGE — EARTH
PRESSURE VALUE TAKEN AT 2000 POUNDS PER
SQUARE FOOT.

TOTAL WEIGHT OF ANCHORAGE EQUAL TWICE
THE VERTICAL COMPONENT OF CABL E TENSION.

ANCHORAGE MAY BE DIVIDED
AS ILLUSTRATED OR ONE MASS
AS ASOWN BY DASHED LINE.

Center to center
Cables
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——— e -
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ANCHORAGL

Plate °F"
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THICKNESS OF STRUCTURAL SLAB IN INCHES
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SPAN IN FEET
H-S LOADING

CONCRETE SLAB ON STEEL JOISTS
Plate 4.



POUNDS PER SQ. FT. BETWEEN TRUSSES.
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WEIGHT IN POUND PER SQUARE FOOT
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POUNDS PERLINEAL FOQT PER TRUSS
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